A method for removing inhibitor(s) of the PCR assay for the direct detection of cholera toxin A gene (ctxA) in human faeces is described. Inhibitors of the PCR were removed by centrifugation and the activity of the remaining inhibitors by dilution. Based on these data, a protocol was developed for pre-treatment of stool specimens for PCR assay, and a simple and rapid protocol was constructed for the diagnostic detection of the ctxA genes in stool specimens in combination with single band detection on gel electrophoresis, dot-blot hybridisation and enrichment culture. This protocol was applied to clinical specimens and showed that the PCR method gave 100% agreement with established culture methods for the detection of cholera toxin-producing Vibrio cholerae 0 1 . This protocol was considered to be useful because of its simplicity and the rapidity of diagnosis.
Introduction
Without proper diagnosis and treatment, cholera is a lethal disease and may be imported into non-endemic areas. The seventh pandemic of cholera with a mortality rate of 4.7% has been experienced in Asia, South America and Africa, and the total number of cases reported by the World Health Organization (WHO) is 143 349 [ 11. The WHO also reported that the mortality due to cholera was 6689 in 1996 [2] . The majority of cases of cholera in Japan (89Y0) are imported from endemic areas. To prevent outbreaks of cholera in Japan, quarantine measures have been implemented to analyse stool samples from persons suspected of being infected with Vibrio cholerae.
For the diagnosis of cholera, immunological reversed passive latex particle agglutination (RPLA) and enzyme-linked oligonucleotide DNA probe [3] assays are used to detect cholera enterotoxin (CT)-producing I? cholerae isolates from stool and rectal swab specimens. typing and RPLA for CT detection. This routine diagnostic protocol, which requires c. 3 days, is too long.
A highly sensitive PCR assay has been applied to detect the gene for the CT subunit A (ctxA) of enteropathogenic I? cholerae [4-61. Ramamurthy et al. [4] showed that PCR provided a sensitive and specific assay method for the rapid detection of toxigenic I? cholerae in faecal samples obtained by catheterisation. Varela et al. [5] also reported that the ctxA gene could be detected directly with high sensitivity in rectal swabs. In their study, they examined rectal samples obtained by invasive sampling procedures such as catheterisation and swabbing, although a direct faecal assay would be preferable, especially for mild cases and healthy carriers in nonendemic areas.
Stool specimens may contain materials that interfere with the PCR, as applied to studies with Salmonellae [7-91, enterohaemorrhagic Escherichia coli [ 9, 151 , filtration [12] and DNA purification [ 10, 11, 16, 171. The present study attempted to remove the inhibitors of PCR to establish a simple method for the preparation of faecal samples for the direct detection of Y cholerae ctxA gene by PCR. Pellet 1 Bacteria and culture Supernate Y cholerae 0 1 strain AQlOOl was obtained from the Osaka Airport Quarantine Station and grown in alkaline peptone water (APW; pH 8.2) containing polypeptone 1% w/v and NaCl 1% w/v. The number of bacterial cells was calculated by dilution and plating on nutrient agar. An original bacterial suspension was prepared at a density of c. 1 X lo8 cfb/ml in saline. The other bacteriai.e., 56 ctxAs and 15 ctxAstrains of Y cholerae 01, 29 ctxAstrains of Y cholerae non-01, one ctxA+ and 29 ctxA-strains of Y mimicus, 30 strains of heat-labile enterotoxin (LT)- 
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Materials and methods
Experimental faecal specimen
The experimental protocol used to characterise PCR inhibitors in heated stool samples is summarised in Fig.   1 . In brief, a I? cholerae-free stool sample from a healthy adult was suspended in saline to a concentration of 10% (g/ml), and heated at 94°C for 5 min. The suspension was centrifuged by graded spins for 3 rnin at 430 g, 1700 g and 3900 g, and the supernate and respective pellets were mixed with the original volume of saline. To examine the inhibitory activity in this mixture, 90% of the volume of the mixture was added to the suspension of the clinical isolate of Y cholerae 0 1 strain AQlOOl heated at 94°C for 5 min. The final mixtures were serially diluted and used as PCR samples.
Clinical faecal specimen
Stool samples were obtained from nine travellers known to be infected with Y cholerae 0 1 and 30 travellers with a history of diarrhoea1 illness but from whom Y cholerae 0 1 had not been isolated by culture. Some specimens, in which PCR products could not be detected, were cultured in 10 ml of APW at 37°C for 6 h, and the cultures were used as PCR samples. The diluted stool and cultured stool samples were heated at 94°C for 5 min, centrifuged at 1700 g for 3 min and examined for the presence of the ctxA gene in the supernate. The number of Y cholerae 0 1 bacteria was calculated by decimal dilution methods on thiosulphate citrate bile-salt sucrose (TCBS) agar plates. The number of yellow colonies was counted and these colonies were confirmed as positive for 0 1 antigen by slide agglutination with a polyvalent 0 1 rabbit antiserum.
PCR
A 372-bp section of the ctxA gene was amplified with CTP-1 and CTP-2 primer pairs with the sequences 5'-GGT CAA ACT ATA TTG TCT GGT C-3' and 5'-ACT CAT CGA TGA TCT TGG AGC-3 ', respectively.
These primers were purchased from Toyobo, (Osaka, Japan). Concentrated ( X 10) reaction buffer (10 X RB) containing 15 mM MgC12, 800 mM KCl, bovine serum albumin 5 g/ml, sodium cholate 1% and Triton X-100 1% in 100 mM Tris-HCl buffer (pH 8.9) served as the PCR mixture. Tth DNA polymerase (Toyobo) was diluted in a buffer containing 300mM KCl, 1 mM dithiothreitol (DTT), 0.1 mM EDTA, bovine serum albumin 500 pglml, glycerol 50% and Triton X-100 0.1% in 10 mM Tris-HCl buffer (pH 7.5) to a concentration of 2 unitlpl of the enzyme. The PCR mixture was prepared in 0.5-ml microtubes containing 5 pl of the processed stool sample, 1 pl of each primer solution (40 pmol/pl), 5 pl of 10 x RB, 5 pl of 2 mM dNTP solution and 1 pl of enzyme solution in 32 p1 of distilled water. The mixture was overlaid with one drop of mineral oil, then centrifuged at 4500 g for 5 s. Tubes were heated at 94°C for 1 min in a thermal cycler (Iwaki, Tokyo, Japan) and specific DNA sequences were amplified in a thermocycler with 30 cycles at 94"C, 58°C and 75°C for 25 s, 3 0 s and 20s, respectively. PCR products (7 pl) were mixed with 3 pl of loading buffer containing bromophenol blue 0.025%, glycerol 5% and sucrose 7% in 50 mM Trisacetate buffer (pH 7.9). The final mixture (7 pl) was loaded on agarose 1.5% gel and electrophoresed for c. 35 min at 100 V The gel was stained with ethidium bromide 1 pg/ml at room temperature for 10 min and observed through a transilluminator with a wavelength of 312 nm. A single band at 372 bp was determined to be positive for the ctxA gene. In some experiments, the intensity of brightness from the band was semiquantified by an optical gel analyser (MCID system, Imaging Res Inc., Ontario, Canada). The direct values obtained fi-om the analyser were defined as relative units of intensity. The study further examined the specific PCR products by dot-blot hybridisation with a 30-mer enzyme-linked oligonucleotide probe (Toyobo) as described previously [ 18, 191. Determination of other enteropathogenic bacteria and cholera toxin (CT) assay Stool samples were also tested for the presence of other enteropathogenic bacteria by routine methods [20] .
Isolates of I? cholerae, Y mimicus and other enteropathogenic bacteria used in the present study were cultured in casamino acid-yeast extract broth supplemented with lincomycin 90 pg/ml (CAYE-L) at 30°C overnight and then incubated with polymyxin B 20 000 U/ml at 37°C for 2 h. The incubated media were centrifuged at 1700 g for 20 min and the supernates were filtered through a 0.45-pm pore membrane filter (Millipore, MA, USA). CT in the filtrate was assayed by RPLA with the CT assay kit (VET-RPLA, Denka Seiken, Tokyo, Japan) according to the manufacturer's instructions. RPLA-positive strains were considered to be CT-producing bacteria.
Results
The specificity of the PCR assay was compared with that of the RPLA assay for CT protein ( Table 1 ). The PCR consistently differentiated ctxAf strains of I?
cholerae 01, non-01 and Y mimicus from ctxAstrains of vibrios and other enteropathogenic bacteria. The RPLA assay gave two false negative results with CT-producing Y cholerae 0 1 strains and 100% false positive results for LT-producing E. coli.
The removal of faecal PCR inhibitors was examined in faecal pellets with added Y cholerae 0 1 bacteria with ctxA detection by PCR. Semi-quantitative data, a representative photograph of gel-electrophoresed PCR products and calibration plots are shown in Table 2 and Fig. 2a and b . As the relative unit of PCR product fiom the sample containing the pellet produced at 430 g was apparently the same as that from the sample containing the original stool (Table 2 and Fig. 2a ), it was thought that the major inhibitors of PCR were contained in the pellet obtained from centrifugation at 430 g for 3 min.
The supernate from centrifugation at 3900 g still contained PCR inhibitor(s) ( Table 2 and Fig. 2a ). The supernate obtained after further centrifugation at up to 11 000 g produced results similar to those obtained for samples centrifuged at 3900 g (data not shown). *Brightness of the single band of PCR products was measured with an optical gel analyser (MCID, Imaging Res Inc.) and the values of the brightness provided by the system were represented. Mean (SD) of three samples. ?Each numbered sample is identical to the original, pellets 1-3 and supernate 1, respectively, as described in the experimental design ( Fig. 1 ).
Although the amount of ctxA gene in the sample was decreased by dilution (XlO), the signals of PCR products were increased, owing to the dilution of PCR inhibitors in the supernate. Further dilution (X 10) reduced the sensitivity of the assay (Table 2 and Fig. 2a ).
On the basis of these results, stool samples were prepared for the detection of ctxA gene by a defined PCR assay method. The protocol for the assay was as follows: stool was diluted 10 times in saline, heated at 94°C for 5 min, and centrifuged at 1700 g for 3 min.
Undiluted and diluted (X 10) supernates were subjected to 30 cycles of PCR and the PCR products were detected as a single band on gel electrophoresis or dotblot hybridisation, or both.
To evaluate the assay, nine clinical samples containing ctxA+ F! cholerae 0 1 were examined ( Table 3) . Five samples were positive for the ctxA gene as determined by gel electrophoresis or dot-blot hybridisation, or both (cases A, B, E, F and G). When the samples were diluted (X lo), three of four ctxA false-negative samples became positive (cases C, H and I). When fresh stool samples were cultured for amplification of bacterial number in APW at 37°C for 6 h [18] , ctxA gene was detected in the false-negative case D ( Table 3) . As expected, 30 stools containing K cholerae non-01, V fluvialis, F! para haemolyticus, Salmonella spp ., Shigella spp., enteropathogenic E. coli, Plesiomonas shigelloides and Aeromonas sobria, that did not yield V cholerae upon culture, did not give a positive reaction in the PCR for the ctxA gene ( Table 3 , cases 1-30). The assay of the clinical sample could detect 0.85 c h of V cholerae/assay in diluted stool samples containing 1.7 X lo2 ch/ml ( Table 3 , case A).
Discussion
Rapid and accurate detection of enteropathogenic bacteria from the faeces is required for the diagnosis of enterocolitis. As the biochemical identification of bacterial isolates may take several days, a PCR assay was developed to reduce the time required for diagnosis. In the present study, a protocol was devised for the analysis of faecal samples for 100) . Lanes 9-14 represent calibration for semi-quantitative PCR with cells of strain AQlOOl -9, 5 X lo5 cells; 10, 5 X lo4 cells; 11, 5 X lo3 cells; 12, 5 X lo2 cells; 13, 5 X 10' cells; 14, 5 X 10' cells. Lane 15 is a negative control. All single bands of PCR products were quantified as described in Materials and methods. The values in relative units for calibration are plotted in Fig. 2b, and ++, detectable; -, undetectable; the samples were diluted 10-fold for preparation of the specimen. kultured: the specimen was cultured at 37°C for 6 h to amplify the bacteria. takes about 3 h to detect cholera toxin genes, but dotblots may take longer. The preparation of stool for PCR is simple, i.e., it requires only low-speed centrifugation, heating for denaturation and dilution of clinical specimens.
In comparison, the RPLA assay missed two strains of ctxAf l! cholerae which were detected by PCR. Also, the superior specificity of PCR was demonstrated by the high false positivity of RPLA for LT-producing E. coli, because CT and LT have immunological crossreactivity [21] . The reason for this high rate of falsepositive results in the RPLA could be attributed to immunological cross-reactivity between the CT subunit A of l! cholerae and LT of E. coli [22] . Case A had received antibiotics and consequently the stool sample might be expected to contain large numbers of unculturable bacteria. Therefore, the sensitivity of this method in the examination of the clinical sample could not be included in the discussion.
In conclusion, the protocol described here provides a specific, simple and rapid test for providing evidence of faecal carriage of toxigenic cholerae.
